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Optical recjording and reading system, optical data storage medium and use of suchme^m--. 



The invention relates to an optical recording and reading system for use with 
an optical data storage medium, said system comprising: 

the medium havmg a recording stack, formed on a substrate, said recording 
stack suitable for recording by means of a focused radiation beam with a wavelengtti X in air, 
5 the recording stack having a first optical surface most remote &om the substrate; and 

an optical head, with an objective having a numerical aperture NA and fix)m 
which objective the focused radiation beam emanates during recording, the objective 
arranged on the recording stack side of said optical data storage medium and having a second 
optical surface closest to ihe recording stack, and adapted for recording/reading at a firee 
10 working distance dp of smaUer than 50 /mi ftom the first optical surface. 

The invention fiirther relates to an optical data storage medium having a 
recording stack, formed on a substrate, said recording stack suitable for recording by means 
of a focused radiation beam, with a wavelength X in air, the recording stack having a first 
optical sur£ice most remote from the substrate. 
15 The invention further relates to the use of such a medium in such a system. 



An embodhnent of a system of the type mentioned in the opening paragraph is 
known fix>m United States Patent 6,069,853. 

20 New generations of optical recording disks have even larger data capacity and 

smaller bit sizes. There is a tendency that the wavelength for the optical readout decreases 
and the numerical aperture (NA) of the optical pick up unit (OPU) increases for each new 
generation. Focal length and woridng distance decrease, and tilt margins are become ever 
more stringent. The result is that the transparent layer through which liie recording layer is 

25 being recorded and read is decreasing in thickness: 1.2 mm for Ckanpact Disk (CD), 0.6 mm 
for Digital Versatile Disk, and 0.1 mm for Blu-ray Disk (BD) down to the level of a few 
microns for the «4*-generation" (magneto-) optical disks. The purpose of the layer is at least 
threefold: to make the disk more durable by protecting the infijrmation layer, to serve as an 
anti-reflection coating and to aid cooling of the storage layer. 
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For future generations of optical storage systems the numerical aperture of the 
objective will rise to NA=0.85, or evenNA=0.95. to improve resolving power. Despite this 
tendency of the objective to increase in size, however, the increasing demand for high data 
rate and access time forces the total mass of the objective to shrink. This can only be 
5 accomplished if the focal length and hence the free working distance (FWD) is reduced. 

However if the FWD is reduced the thickness of the transparent substrate, 
through which the focused radiation beam passes, needs to be reduced. Furthermore, if the 
NA is increased, then the allowance of the angle by which the medium surfece is deviated 
from the perpendicular with respect to an optical axis of the optical system (tat angle) is 
10 reduced under the effect of double refraction or aberration due to the thickness of the 
transparent substrate. Thus reduction of the effect of the tilt angle at high NA is another 
reason to decrease the thickness of the transparent substrate. This transparent substrate with 
reduced thickness is also called cover layer or more generally cover stack. Thus the purpose 
of the cover layer in 4* generation optical recording is mainly to protect tiie recordmg stack 
15 from damage and to enable a low FWD. To record information m the above-mentioned 

(magneto-) optical data storage medium, a focused radiation beam, e.g. Ught, is radiated fix>m 
an optical head through the transparent substrate having a thickness between 0.6 to 1 .2 mm to 
the recording stack so as to heat the recording layers to a recording temperature. In case of 
magneto-optical (MO) media, at the same time, a magnetic field is appUed by a magnetic 
20 head. Such magnetic field may be modulated with the information by use of a magnetic field 
modulation device. As a result, the information may be recorded on the recording medium- 
Another argument for a small free working distance is the size of the coil in 
case of the magneto-optical data storage medium. If one wants a system with ahigh data rate, 
a large bandwidth to modulate the current through tiie coil is required. For data rates in the 
25 order of 100 - 200 Mbit/sec, the switchmg frequency of the current through the coil must be 
at least 1-2 GHz, in order to define sharp flanks in tiie switching behavior of tiie field. This 
requires a coil wifli a small self-inductance, low resistance and small parasitic capacitance. 
Apart from tiie speed of tiie coil, the power consumption by tiie coil is also an issue. 
Therefore it is preferable to use a small coil witii a small mner diameter, e.g. smaller flian 100 
30 /mi. The use of a bigger coil would compromise tiie data rate and energy efficiency because 
bigger coils have a larger inductance and a higher power consumption. The closer tiie coil is 
brought to tiie surface, tiie more energy efficient tiie magnetic field at tiie data storage 
medium can be modulated. However, a magnetic field m tiie order of 15 kA/m per Ampere of 
such a small coil penetrates only a few tens of microns into space, so the coU must be kept 
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close to the recording stack and a cover layer that is thicker than e.g. 100 [im prevents this. To 
reproduce the information from the (magneto) optical data storage medium, light is also 
radiated by the optical system throng the transparent substrate. In this situation, the optical 
head is also arranged on the transparent substrate side of the disk. 

For objective lenses ia optical heads, either slider-based (see Fig. 4 ) or 
actuator-based (see Fig. 1 A), having a small working distance (typically less than 50 iim), 
contamination of the optical surface of the objective closest to the storage medium occurs. 
This is due to re-condensation of water, which may be desorbed from the storage medium 
because of the high surface temperature (approximately 250'C) resulting from the hi^ 
radiation beam power and temperature required for writing data in (or even reading data 
from) the recording stack, see Fig. 3. The contamination ultimately results in malfunctioning 
of the optical storage system due to distortion of, for example, system control signals, see 
Fig. 2. The problem becomes more severe for the following cases: high humidity, high 
radiation beam power, low optical reflectivity of the recording stack of the data storage 
medium, low thermal conductivity of the storage medium, smaU working distance and M 
surface temperature. From patent US 6,069,853 it is known to increase the distance between 
tiie recording stack and the outer optical surface of the storage medium using a thermal 
insulator or cover layer, in order to prevent contamination of the objective. Without such 
insulator layer contamination from the medium may evaporate and condense onto the 
objective of the optical head during recording. The contamination may e.g. be water mixed 
with small quantities of other contammants. The water including other contaminants is 
probably present as a thin (mono)layer on the outer surface of the medium. When no 
insulator layer is present the thin (mono)layer is present very close to the recording stack and 
is indirectly heated by the recording stack, evaporates and subsequently condenses onto the 
objective including the other contaminants. This occurs relatively rapidly, i.e. witiiin half an 
hour or possibly less, and causes unreliable recording and reading of the system and finally 
may lead to total recording and reading failure. An advantage of the application of the 
insulator or cover layer is the prevention of heating of the (mono)layer with contaminants and 
hence the build-up of contamination onto the objective. This is because the insulator layer 
forms an effective barrier which prevents the (mono)layer on the medium to be heated and 
evaporated. However such insulator layer, typically with a thickness of tens of nanometers or 
more, has several disadvantages. It may, e.g., cause unreliable recording and read out of data 
due to optical aberrations and interference of the insulator layer. Furthermore it may occur 
that the optical head focuses on the outer surface of the insulator layer in which data 
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recording and read out is impossible after which event the optical head needs to refocus onto 
a subsequent surface. This procedure may lead to interruption of data streams and therefore 
unreliable data recording and reading. And fiirfhennore, relatively thick insulator layCT 
requires the MO magnetic coil to have a relatively large magnetic field distance range in 
axial direction of the coil, which limits the switching speed of the coil and thus the recording 
reliability at larger data rates. 



It is an object of the invention to provide a system of the kind as described in 
the opening paragraph, which performs reliable recording and readout of data in the 
recording stack and prevents contamination of the objective of the optical head without the 
mentioned disadvantages. 

It is a second object of the invention to provide an optical data storage medium 
for reliable recording and readout of data for use in a system of the kind as destaibed in the 
opening paragr^h. 

These objects are achieved in accordance with the invention by an optical 
recording and reading system which is characterized in that at least one of the first optical 
surfece and the second optical surfece is provided with a hydrophobic layer, that has a 
refiractive index n and has a tiiickness smaller than 0.5 Vn. The first new insight is that re- 
condmsation of water on the optics can be prevented by applying a relatively thin, 
transparent hydrophobic layer on the objective. The second new insight is that applying a thin 
hydrophobic layer on the recording stack of the optical data storage medium will prevent 
water from adsorbing in the first place, so that it cannot be desorbed later. Hence, the source 
for contamination is eliminated. When the thickness of the hydrophobic layer is kept below 
said limit optical aberrations and interference are counteracted. An important feature of the 
technique is that subsequent cleansing of the objective is not necessary. Also the range of 
humidity levels in which an optical drive operates reliably may be improved. Preferably the 
second optical surface is provided with a hydrophobic layer that has a thickness substantially 
equal to 0.25X/n in which case it may act as an anti reflection coating. In practice it may be 
difficult to have a sufficientiy hydrophobic layer on the objective. In that case the second 
optical surface preferably is provided with a hydrophylic layer that has a thickness 
substantially equal to 0.25X/n. When using a hydrophylic layer, water which may be coUected 
on the second optical surface forms a layer of substantially homogeneous thickness, which 
may e.g. be about a micron thick. This is because flie surface wetting is homogeneous. The 
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central portion of the fluid layer, i.e. the portion through which the radiation beam 
propagates, does not substantially disturb the wavefront of the focused radiation beam. 
Hydrophylic layers may be achieved by layers of which the hydrophylic properties typically 
result from oxygen atoms at the surface such as the case for AI2O3- or SiOj layers. Mostly the 
5 NA in such low FWD system is larger than 0.80. 

In an embodiment the optical head further comprises a magnetic coil arranged 
at a side of the optical head closest to tibie recording stack such that an optical axis of the 
optical head traverses the center of the magnetic coil and the recording stack of the optical 
data storage medium is of the magneto-optical type. In this case reliable magneto optical 

10 recording is possible at a high density and data rate because a high NA, i.e. a small spot, is 
possible and the magnetic coil may be brought close to the recording stack in which case a 
magnetic field may be modulated in an energy efficient way. 

It is especially advantageous when the magnetic coil has an inner diameter of 
smaller than 60 jLtm. The use of a bigger coil would compromise the data rate and energy 

15 efficiency becaiise bigger coils have a large inductance and higher powCT consumption. 

In an embodiment the hydrophobic layer comprises a material selected firom 
the group of poly-para-xylylenes, fluorocarbons and copolymers thereof. Parylene is a 
generic name for a family of poly-para-xylylenes. Four different types are commercially 
available: Parylene-N is the most basic form, build as a linear chain of para-xylylene 

20 monomers. Other types are parylene-C, parylene-D and parylene-AF4. Notwithstanding the 
£q)plicability of any dervative of parylene, parylene-C is of particular interest for our purpose. 
Another suitable material is AF1600, made by Dupont, is a copolymer of tetrafluoroethylene 
andperfluoro-2,2-dimefliyl-l,3-dioxole is especially suited. 

In an embodiment the magnetic coil is contained in a slider, that is adapted for 

25 flying at a distance of > 0.5X/n and < 2 fim from the first surface. In this case the slider forms 
part of the objective and the hydrophobic layer is present at the surface of the slider facing 
the optical data storage medium. Slider technology is e.g. known from hard disk drive (HDD) 
technology. With this technology "near field" configuration is possible in which case the 
outer sur&ce of objective and the outer surface of the optical data storage medium are spaced 

30 from each other a distance of the order of much less than one wavelength \ i.e. FWD ^VIO. 
In such configuration coupling between the medium and the objective may be effected by 
evanescent wave optical coupling. The NA in such configuration can be greater than unity. 
Far field, i.e. FWD » X/10, configuration is also possible with slider-based technology. 
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In an embodiment the optical data storage mediimi the first optical surface is 
provided with a transparent hydrophobic layer that has a refractive index n and has a 
thickness smaller than O.SVn. When the thickness of the hydrophobic layer is kept below said 
limit optical aberrations and interference are counteracted. An important feature of applying 
5 the hydrophobic layer on the medium is that the necessity of a hydrophobic layer on the 
objective may be smaller because the source of contamination, i.e. the contamination on the 
medium, is eliminated or greatly reduced. This has the advantage that older optical recording 
systems which lack any measures taken to minimize the effect of condensation, e.g. a 
hydrophobic layer, on the objective of the optical head still benefit from the hydrophobic 

10 layer on the medium because the medium causes no or much less contanodnation. Also the 
range of humidity levels in which an optical drive operates reliably may be improved. 
Preferably the first optical surface is provided with a hydrophobic layer that has a thickness 
smaller than 0.25X/n in which case even less optical aberrations and interference are present. 

Preferably the hydrophobic layer on the mediimi comprises a material selected 

15 firom the group of poly-para-xylylenes, fluorocarbons and copolymers thereof. 

It is advantageous to use a material with a relatively high hardness in order to 
prevent damage of tiie hydrophobic layer due to possible contact of the optical head with the 
hydrophobic layer. When at least one of the medium and the objective has a hydrophobic 
layer, damage due to shear forces is greatly counteracted because of the extremely low 

20 coefficient of fiiction between the two layers. 



The invention will be elucidated in greater detail by means of exemplary 
embodiments and with reference to the accompanying drawings, in which: 
25 Fig. 1 A shows an embodiment of the system according to the invention with 

small free working distance optics used in an MO drive; 

Fig. IB shows the structure of the layer stack of the medium of Fig. 1 A; 

Fig. 2 shows oscilloscope traces before and after contamination; 

Fig. 3 shows microscope pictures of the contamination of the objective as a 
30 ftmction of time; 

Fig. 4 shows a slider-based optical recording system; 

Fig. 5 shows a transparent slider with Magnetic Field Modulation coil; 

Fig. 6 shows a microscope picture of the second optical sur&ce of the 
objective with an insufficiently hydrophobic layer; 
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Fig. 7 shows a microscope picture of the second optical surface of the 
objective without a hydrophobic layer, but instead with a very hydrophylic layer. 



5 In Fig. 1 A and IB, an embodiment is shown of an optical recording and 

reading system for use with an optical data storage medium 5. The medium 5 comprises a 
recording stack 9 formed on the substrate 8 by e.g. sputtering. The recording stack 9 is 
suitable for recording by a focused radiation beam L The wavelength X of the focused 
radiation beam 1 is 405 nm. The recording stack 9 has a first optical surface 6 most remote 

10 from the substrate 8. An optical head 3, with an objective 2, having a numerical aperture 

NA = 0.85, from which the focused radiation beam 1 emanates during recording is present at 
the recording stack 9 side of said optical data storage medium 5. The objective 2 of the 
optical head 3 has a second optical surface 7 closest to the recording stack 9 and is adapted 
for recording/reading at a free working distance dp = 15 /im from the first optical surface 6 of 

15 the medium 5. It is noted that the transparent element which contains a magnetic coil 4 forms 
part of the objective 2 and that the second optical surface 7 is the surface of this element 
closest to the medium 5. The first optical surface 6 and the second optical surface 7 are 
provided with a hydrophobic layer 10, 1 1 made of AF 1600, a copolymer of 
tetrafluoroethylene and perfiuoro-2,2-dimethyl-l,3-dioxole, which has a refractive index of 

20 about 1.35. The thickness of the byfrofobic layer is 30 nm. The preparation of fluoiopolymer 
coatings such as API 600 is done as follows. Depending on specific circumstances, a 
cleansing step of the disk surface may be required, consisting of sonification, rinsing and 
drying. When the disk is clean, a layer of fluorosilane is pre-deposited from the vapor phase 
at room temperature to improve adhesion of the fluoropolymer coating. The fluoropolymer 

25 coating can be made by means of dip coating or spin coating. To this end, the fluoropolymer, 
such as AF1600, can be dissolved in FC-75 (perfluoro-2-butyltetrahydroftiran, made by 
Acros). Finally the coated disk is dried in by air in a laminar flow. A thermal treatment is also 
possible at this point. Coating a disk with parylene, requires it to be thoroughly clean. On 
metal surfaces, parylene usually shows good adhesion, but on oxidic surfaces such as glass or 

30 aluminium oxide the adhesion is usually less. In those cases a layer of A174 (gamma- 

methacryl-oxypropyl-trimethoxysilane) is deposited first, either &om the vapor phase at room 
temperature or by spin or dip coating in a 1 :100:100 A174:water:iso-propanol niixture. 
Excess A174 is rinsed away with pure isopropanol, and the disk is dried at ambient 
temperature in clean air. Parylene deposition is performed in a commercially available 
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parylene coating machine such as the PDS2010 (as can be purchased &om SCS Europe). 
Essentially the parylene monomer is vaporized and deposited on the rotating substrate. 
Further, generally known, details can be foimd in literature. The optical head 3 further 
comprises a magnetic coil 4 arranged at a side of the optical head 3 closest to the recording 
5 stack 9. An optical axis of the optical head 3 traverses the center of the magnetic coil 4 and 
the recording stack 9 of the optical data storage medium 5 is of the magneto-optic type. The 
recording stack 9 may e.g. include, in this order starting at the substrate 8, a reflective metal 
layer as known in the art e.g. 25 nm Al, other auxiliary layers, a 24 nm layer of ttie magnetic 
material TbFeCo and a 60 nm interference layer of SiNf or ZnS/ SiOa. 

10 Wh©ti the medium 5 does not have a hydrophobic layer 10, a water 

(mono)layer mixed with contamination Avill build up on the first optical surface 6. When 
using an objective without hydrophobic layer 1 1 on the second optical surface recording for 
recording on such a mediiun, the recording system will in a matter of minutes show servo, 
e.g. focus or tracking, failure. This is illustrated in Fig 2. Fig 3 shows the contamination 

1 5 build-up at the second optical surfece 7 when no hydrophobic layers 10, 1 1 are used. With at 
least one hydrophobic layer 10 at the first optical surface 6 the system proves to be stable and 
robust. 

In Fig. 2 oscilloscope traces 22 and 23 are shown with the error signals of the 
radial open loop and closed loop focus servos re^ectively for two different laser beam 

20 powers P. The optical system is in focus, but the tracking servo has not been closed. At low 
power (P==0.5 mWatt), signals are normal. At higher power (P=1.0 mWatt) serious instability 
of tiie signals occurs due to contamination build-up at the second surface 7. 

In Fig. 3 microscope photos of the second optical surface 7 of the objective 3 
are shown without hydrophobic layer 1 1 and when is it still clean (t=0 min), and after 

25 contamination build-up after 1 min of relatively high laser power recording. Water is clearly 
visible indicated by reference numeral 30. The objective was left under the microscope to dry 
and observed again after 12 and 40 minutes. At t 40 min the water has completely 
evaporated and contaminants indicated by ref^ence numeral 3 1 are visible. The 
contaminants are redepositions of the ev^orated water/contamination mixture layer on the 

30 first optical surface 6 of a medium 5 which does not have a hydrophobic layer 10. 

Application of a hydrophobic layer 10, 1 1 on respectively the first optical surface 6 and the 
second optical surface 7 of the medium 5 and/or the objective 2 greatly counteracts the 
problem of contamination build-up because no contamination build-up could be observed at 
moderate las^ power. 
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In Fig. 4 a slider-based optical recording system is shown. The flying height of 
the slider 2a above the disk is approximately 1 /rni. Note that this is not near field recording 
as defined earlier because 1 fim » Ts/lO. In this example, the slider contains a Magnetic Field 
Modulation (MFM) coil 4, which is used for Magneto-Optical recording. Further reference 
5 numerals correspond to those in Fig. 1 A. It is noted that the portion of the slider 2a throu^ 
which the focused radiation beam 1 traverses forms part of the objective 2. 

In Fig. 5 a transparent slider with Magnetic Field Modulation coil is shown. 
The laser beam of Fig. 4 is focused tiirough the aperture in the middle. 

In Fig. 6 a microscope photo of the second optical surface 7 of the objective 3 
10 is shown with an (insufficiently) hydrophobic layer 1 1 . Insufficient refers to the value of tiie 
contact angle between a water droplet and the hydrophobic layer, which in this case is not 
much larger than 90 degrees, but which for an ideally hydrophobic layer is 180 degrees or 
close thereto. Due to the fact that the contact angle between water and surface is not much 
larger than 90 degrees, clearly some small droplets are formed and visible, as indicated by 
IS reference numeral 60. This cluster of droplets has a size both comparable to the free working 
distance between objective and recording medium and the diameter of the focused laser 
beam. The laser beam will be scattered substantially by the cluster of water droplets. The firee 
working distance is the distance between the first optical surface 6 and the second optical 
surface 7. 

20 In Fig. 7 a microscope photo of the second optical surface 7 of the objective 3 

is shown without a hydrophobic layer, but instead with a very hydrophylic layer. The 
hydrophyUc properties typically result from oxygen atoms at the surface such as the case for 
AI2O3 or Si02. The contact angle between liquid (water) and surface is now very small, i.e. 
much smaller than 90 degrees. As can be seen in the photo, a fiill layer of water with 

25 substantially homogeneous thickness is collected on the surface, indicated by reference 
numeral 70, as compared to Fig. 6 and the layer is about a micron thick and may even be 
thicker. Because the surface wetting is homogeneous, at least the central portion of the fluid 
water layer has an optically constant thickness and does not substantially disturb the 
wavefiront of the focused laser beam. 

30 It should be noted that the above-mentioned embodiments illustrate rather than 

limit the invention, and that those skilled in the art will be able to design many alternative 
embodiments without departing firom the scope of the appended claims. In the claims, any 
reference signs placed between parentheses shall not be construed as limiting the claim. The 
word "comprising" does not exclude the presence of elements or steps other than those listed 
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in a claim. The word "a" or "an" preceding an element does not exclude the presence of a 
plurality of such elements. The mere fact that certain measures are recited in mutually 
different dependent claims does not indicate that a combination of these measures cannot be 
used to advantage. 

5 According to the invention an optical recording and reading sj^tem for use 

with an optical data storage medium is described. The system comprises the medium having 
a recording stack, formed on a substrate. The recording stack is suitable for recording by 
means of a focused radiation beam with a wavelength X in air. The recording stack has a first 
optical surface most remote from the substrate. An optical head, with an objective having a 

10 numerical aperture NA and from which objective the focused radiation beam emanates 

during recording, is arranged on the recording stack side of said optical data storage medium. 
The objective has a second optical surface closest to the recording stack, and is adapted for 
recording/reading at a free working distance dp of smaller than 50 ixm from the first optical 
surface. At least one of the first optical surface and the second optical surface is provided 

1 5 with a transparent hydrophobic layer that has a refiractive index n and has a thickness smaller 
than O.S Vn. In this way reliable recording and reading is achieved, specifically contamination 
build-up on the second optical siur&ce is prevented or counteracted. 



